Introduction

!
Left ventricular assist device (LVAD) usage is projected to escalate in accordance with the rising incidence of end stage heart failure (ESHF), fueled by improved survival when compared to optimal medical therapy [1] . Gastrointestinal bleeding (GIB) has been associated with LVAD in up to 65 % within the first year [2] , with a mortality rate of 9 % [3, 4] . Gastrointestinal angiodysplasia (GIAD) is a common source of bleeding with LVAD [5 -8] . The primary aim of the study was to compare the characteristics of GIAD versus non-GIAD patients in 118 patients with LVAD and describe the differences in the clinical presentation between the two groups.
Patients and methods
!
We reviewed data from 118 adult patients (> 18 years) who underwent a continuous flow Heartmate II LVAD implantation (Thoratec Corp., Pleasanton,CA) for ESHF over an 8-year time span (2006 -2014) . These patients were retrospectively evaluated utilizing electronic medical records (Meditech, Epic), at a tertiary referral center, Providence Sacred Heart Medical Center. Patients were excluded if they received a pulsatile LVAD, heart transplant within 30 days, or died within 2 weeks of implantation. The Institutional Review Board associated with Providence Sacred Heart Medical Center approved the collection and review of data at their institution for the purpose of this study by the primary author.
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Background and study aims: Patients with a continuous-flow left ventricular assist device (LVAD) have a 65 % incidence of bleeding events within the first year. The majority of gastrointestinal bleeding (GIB) is from gastrointestinal angiodyplasia (GIAD). The primary aim of the study was to determine whether GIAD was associated with a higher rate of significant bleeding, an increased number of bleeding events per year, and a higher rate of transfusion compared to non-GIAD sources. Patients and methods: This retrospective cohort study included 118 individuals who received a LVAD at a tertiary medical center from 2006 through 2014. Patients were subdivided into GIB and non-GIB for comparison of patient demographics, comorbid conditions, and laboratory data. GIB was further divided into sources of GIB, GIAD, obscure, or non-GIAD to establish severity of bleeding, rate of re-bleeding, and transfusion rate.
Results: GIAD is associated with an increased number of bleeding events compared to non-GIAD sources of GIB (2.07 vs 1.23, P = 0.01) and a higher number of bleeding events per year (0.806 vs. 0.455 P = 0.001). GIAD compared to non-GIAD sources of GIB was associated with an increased incidence of major bleeding (100 % vs 60 %, P = 0.006) and increased rates of transfusion (8.8 vs 2.95 units, P = 0.0004). Cox Regression analysis between non-GIB and GIAD demonstrated increased risk with age (P = 0.001), history of chronic kidney disease (P = 0.005), and length of stay after LVAD implantation of more than 45 days (P = 0.04). History of hypertension (P = 0.045), diabetes mellitus (P = 0.016), and male gender was associated with decreased risk (P = 0.04). Conclusion: Patients with a continuous-flow LVAD who develop a GIB secondary to GIAD have a higher rate of major bleeding, multiple bleeding events, and require more transfusions to achieve stabilization compared to patients who do not have GIAD.
Continuous flow LVAD support was initiated for patients with severe heart failure associated with compromised left ventricular cardiac function as a bridge to transplant (BTT) or as destination therapy (DT), in patients deemed not to be candidates for transplantations. Postoperative anticoagulation included unfractionated heparin and later transitioned to warfarin therapy with an international normalized ratio (INR) goal of 2 -3. All patients were placed on 81 mg aspirin after implantation. Intravenous proton pump inhibitor (PPI) therapy was initiated for all patients and they were transitioned to oral PPI therapy once extubated. Continuation of PPI therapy was left up to the cardiothoracic surgeon after patients were transferred out of the intensive care unit (ICU). Initial identification of patients with GIB was conducted by searching key terms: melena, hematochezia, or bright red blood per rectum. A secondary search was conducted for guaiac-positive stool, or new or worsening anemia. Positive results on initial search led to a review of endoscopic procedure notes. GIB was defined as overt or occult from the time of implantation of the LVAD until transplantation or death. Overt GIB was defined as melena, hematochezia, hematemesis or coffee ground emesis. Occult bleeding was defined as iron deficiency anemia, worsening anemia without overt signs, or a positive fecal occult blood test. Obscure bleeding was defined as overt bleeding with no source identified with EGD or colonoscopy. Bleeding was categorized as either upper gastrointestinal tract (esophagus to the first portion of the duodenum) or lower gastrointestinal (distal to the ligament of Treitz to the rectum). Determination of the source of GIB was made via review of endoscopic procedure notes for GIAD, Non-GIAD, and obscure GIB. Patients with GIAD, obscure bleeds, and non-GIAD were assessed for severity of bleeding, average number of repeat bleeding events, and average number of transfusions required per patient. Severity of bleeding was broken down into major and minor. Major bleeding was defined as an Hgb change of greater than 4 g/dL or transfusion given. Minor bleeding was defined as an Hgb change of less than 4 g/dL with no transfusion given. Blood bank records were reviewed in the GIB population to determine the number of units transfused with each bleeding event. All endoscopic procedures were performed in either the ICU or inpatient endoscopy suite. Conscious sedation (fentanyl, midazolam) or monitored anesthesia was administered at the discretion of the endoscopist and consulting anesthesiologist. Patients underwent upper endoscopy, colonoscopy, and single balloon enteroscopy at Providence Sacred Heart Medical Center. Endoscopic treatment modalities for control of bleeding included injection of epinephrine, thermal therapy (bipolar or monopolar electrocautery, argon plasma laser), or hemostatic clips. Determination of treatment modalities to control bleeding was left to the discretion of the performing endoscopist. Anticoagulation and antiplatelet therapy was discontinued until active GIB ceased. After cessation of active GIB the decision to restart anticoagulation and antiplatelet therapy was left to the discretion of the cardiothoracic surgeon. Demographics were reviewed with attention to the following parameters: clinical features of congestive heart failure, prior GIB, antiplatelet therapy, PPI therapy, comorbid conditions (chronic kidney disease (CKD), diabetes mellitus (DM), hypertension (HTN), pack years smoking, initial length of stay (LOS), percentage of patients with initial LOS greater than 75 th percentile (45 days), INR, creatinine, and platelets counts. If mortality occurred during the study period, the causes was determined from electronic medical records at our institution.
Statistical Analysis
Continuous variables were expressed as a mean ± standard deviation and categorical data as N (%). Cox Regression analysis was performed to identify factors independently associated with GIAD in patients receiving LVAD support. A two-tailed t-test was performed to determine significance of the means between groups and Pearson chi-squared test or Fischer exact test when appropriate was used to compare categorical data between groups with a P value < 0.05 being significant. The BenjaminiHochberg procedure was utilized to confirm P values calculated from multiple statistical tests were of true significance. Confidence intervals are reported at 95 %. (SPSS IBM version 22).
Results
!
Patients
A total of 118 patients underwent LVAD implantation from 2006 through 2014. Of them, 22 were excluded leaving 96 patients to be evaluated, 56 patients in the non-GIB group and 40 patients in the GIB group (• " Fig. 1 ).
• " Table 1 lists demographics of Non-GIB and GIB groups. The incidence of GIB over an 8-year period was 41.7 %. All GIB was diagnosed with EGD, colonoscopy or sin-▪ 5 Excluded secondary to heart transplant within 30 days ▪ 13 Excluded secondary receiving 1st generation LVAD ▪ 4 Excluded secondary to death shortly after LVAD placement.
LVAD placed N = 118
Included in study 96 56 patients with no GIB 40 patients with GIB 
Etiology of gastrointestinal bleeding
When initial episodes were evaluated, the number of episodes between GIAD and non-GIAD were similar (29 vs 29). However, GIAD had a higher rate of rebleeding episodes and a higher frequency of bleeding events each year when compared to non-GIAD. Patients diagnosed with GIAD compared to non-GIAD had a lower INR, higher incidence of major bleeding, and increased rate of transfusions (• " Table 2 ). There was no difference between GIAD and non-GIAD in LVAD implantation to first GIB (• " Table 1 ). The majority of GIAD was diagnosed in the upper gastrointestinal tract as compared to the lower gastrointestinal tract, (65 % vs 35 %). The distribution for non-GIAD lesions between the upper and lower gastrointestinal tract was similar to that for GIAD, 56 % and 44 %, respectively. All-cause mortality was 10 % with 2 % directly related to GIB (• " Table 1) . When GIAD was evaluated separately, there was no significant difference observed in severity of bleeding, number of bleeding events, and transfusion rate between GIAD of the upper and lower gastrointestinal tract (• " Table 3) . The difference between the non-GIB and GIB was significant for average baseline Hgb, PPI use, and aspirin use (• " Table 1 ). The GIB patient population utilizing PPI therapy prior to GIB was 80 % with and additional 8 % starting PPI therapy for treatment of GIB episodes. The GIB patient population utilizing PPI therapy prior to GIB was significant compared to non-GIB (• " Table 1) . When patients diagnosed with GIAD were individually compared to non-GIB, significance was demonstrated for age, and initial LOS (• " Table4). Cox Regression analysis between non-GIB and GIAD demonstrated increased risk with age, history of CKD, and length of stay after LVAD implantation of greater than 45 days. Risk was decreased in patients who had a history of HPN, DM or who were male (• " Table 5 ). 
Discussion
!
Limited data exist on comparisons of patients with continuous flow LVAD who were diagnosed with GIAD versus a non-GIAD source with regard to severity of bleeding, rate of repeat bleeding, and number of transfusions required, thus determining the true impact of GIAD. The mechanism for increased GIB in continuous flow LVAD patients is considered to be multifactorial. The reasons include but are not limited to: shear force from the rotor apparatus causing decreased von Willebrand factor (vWF) similar to the proposed mechanism in aortic stenosis (Heyde's syndrome) [9] ; elimination of pulse pressure variation by the continuous flow causing diminished gut perfusion and ischemia [10] ; and mandatory use of anticoagulation to prevent thromboembolism [11] . We report a 41.7 % incidence of GIB after LVAD implantation, with the majority of the episodes occurring in the upper gastrointestinal tract, irrespective of GIAD or a non-GIAD source (65 % & 55 %). We diagnosed GIAD in 41 % of bleeding episode, which is similar to the published literature, and the majority of GIAD events were found in the upper gastrointestinal tract (65 %) [12 -14] . Bleeding episodes secondary to GIAD required an average of 8 units of PRBC whereas non-GIAD bleeding episodes required an average 3 units of PRBC. Forty-two percent of patients with GIAD had repeat bleeding episodes (average of 2), compared to 18 % non-GIAD (average of 1.22). Patients diagnosed with GIAD averaged close to one bleeding event per year, while patients with non-GIAD averaged one bleeding event every 2 years. We feel that one of the consequences of rebleeding episodes in patients diagnosed with GIAD is that they will require a high number of transfusions, potentially exposing potential heart transplant candidates to unwanted alloantibodies, and could result in increased hospitalization. Establishing predictors for patients who are at high risk for the development of GIAD could potentially reduce the increased burden of bleeding episodes in terms of hospitalization and quality of life. Patients with a continuous flow LVAD have a high rate of readmission within the first 30 days for decompensated heart failure (47 %) followed by GIB (22 %) [15] . Patients readmitted with GIB have an average LOS of 7 days [15, 16] . Previous studies have demonstrated that elderly patients and a history of CKD are associated with a higher relative risk of GIB with a continuous flow LVAD [12] . Similar predictors have been identified in patients diagnosed with GIAD without LVAD [17] . Our data demon- Table 3 Comparison between upper GIAD and lower GIAD.
Upper GIAD (n = 11) Lower GIAD (n = 4) Significance (P value)
Average number of bleeding events Abbreviations: GIAD, gastrointestinal angiodysplasia; GIB, gastrointestinal bleeding; CI, confidence interval N equal number of patients in groups. strate a similar predictive value for GIAD in elderly patients and patients with a history of CKD (• " Table 5 ). Cox Regression analysis demonstrates that patients with an initial LOS after LVAD implantation of greater than 45 days are at 5 times higher risk of developing a GIAD during our study period and should have close follow up with prompt endoscopic intervention with signs of GIB in order to reduce the high rate of admission for this population (• " Table 5 ).
Prompt endoscopic interventions to identify and treat GIAD are crucial to help reduce the severity of bleeding and LOS. Sarosiek et al. [18] evaluated the impact of prompt endoscopic treatment of GIAD with a low threshold for performing enteroscopy after initial workup with EGD and colonoscopy were negative, similar to the approach used for diagnosis and treatment of obscure GIB. This strategy leads to a decreased rate of transfusions. The longterm success for this strategy is unclear. Further studies must be performed to determine if this endoscopic strategy is successful in LVAD patients. Initial endoscopic treatment for GIAD in the non-LVAD patient population has done little to prevent recurrence of GIAD with 34 % having repeat bleeding episodes [17] . Previous investigators have suggested that the high rates of bleeding are secondary to a defect in thrombogenesis secondary to non-pulsatile flow in continuous flow LVADs [19] . Non-pulsatile flow can cause decreased levels of vWF, which leads to an acquired vWF syndrome. In addition, there is evidence to suggest that vWF may play a role in angiogenesis via vascular endothelial growth factors receptor-2 (VEGFR2) [20] , thus causing new formation of GIAD. Vascular endothelial growth factor (VEGF) is perhaps the most highly recognized pro-angiogenic protein that plays a crucial role in the early phases of angiogenesis [20] . The system of angiopoietins, namely Ang-1 and Ang-2, and the Tie-2 receptor are similarly required for regulating the later phase of angiogenesis, specifically the maturation and stability of newly formed blood vessels [20] . Ang-2 antagonistically binds to the Tie-2 receptor as a competitive inhibitor of Ang-1 in order to prime the vascular endothelium for activation and destabilization, and in so doing, acts synergistically with VEGF to promote angiogenesis [20, 21] .
Starke et al. [22] have demonstrated that blocking vWF function increases the release of Ang-2 from intracellular stores both in vitro as well in a chimeric model. Furthermore, integrin αvβ3 is the most well-known endothelial cell receptor for vWF and has been characterized as having both pro-angiogenic as well as antiangiogenic functions [20] . There is evidence that αvβ3 function is decreased in vWF deficient endothelial cells, which has also been associated with increased level of VEGFR2 dependent angiogenesis [23] (• " Fig.3 ). Although there is evidence to show there is no difference in vWF levels between patients with GIAD and controls [24] , vWF deficiency or loss of HMWM may be transient in nature, therefore, quantitative measurement of these factors is potentially unreliable. VEGF is expressed on colonic GIAD and has therefore been a target of therapy for GIAD [25, 26] . Future studies are needed to determine if the use of treatment strategies aimed at inhibiting VEGF after endoscopic intervention could reduce the rate of repeat bleeding episodes. The vast majority of patients with a continuous flow LVAD were prescribed long-term antiplatelet therapy to reduce the risk of thromboembolic events. Antiplatelet therapy is associated with an increased risk of developing GIB by irreversibly inhibiting platelet function for the life span of the platelets and disrupting prostaglandin synthesis, thus exposing the gastric mucosa to high acid concentrations. Several randomized controlled trials demonstrated that PPIs decreased GIB risk for patients on antiplatelet drugs by 60 % for average risk patients and 89 % for those patients with prior GIB [13] . Similar to Kushnir et al, [13] 88 % of patients in GIB group in our study were taking PPI therapy. Multivariate analysis demonstrated that patients with LVAD on PPI therapy were 14 times more likely to have a GIB. Because the GIB population has a higher chance of developing a GIB on PPI therapy, that suggests that additional mechanisms for mucosal damage are occurring other than antiplatelet effects on the gastric mucosa. An additional defense mechanism in the gastric mucosa is the mucosal microcirculation, which removes acid and noxious substances from the gastric mucosa. In order to remain functional, the mucosal microcirculation needs adequate perfusion and prostaglandin synthesis. Impaired mucosal microcirculation allows for back diffusing of hydrogen ions, thus allowing for greater mucosal damage from lower acid concentrations. This hypothesis of back diffusion of hydrogen ions has been observed in critically ill patients [27] . Critically ill patients have reduced gastrointestinal circulation even if systolic blood pressure is normotensive secondary to autoregulation. The continuous flow LVAD device has an effect similar to stress-related mucosal bleeding (SRMB) in critically ill patients, in that the continuous flow device eliminates pulse pressure variation causing decreased perfusion of the gastrointestinal tract. This defect in microcirculation could explain why LVAD patients are more prone to bleeding episodes despite being on prophylactic PPI therapy. The role of antiplatelet therapy and an impaired gastric microcirculation is unclear in the development of GIAD.
Several limitations of this study should be noted. First, this was a single-center retrospective cohort study performed at Providence Sacred Heart Medical Center, which can entail a selection bias. Secondly, several patients were observed to have more than one source of GIB and may have been included in one or more groups. Third, the determination to transfuse red blood cell units was physician-dependent and not based on parameters of Hgb less than 7 g/dL as was seen in other studies. Finally, we did not measure vWF activity and we could only hypothesize its role in the pathogenesis of GIB in the LVAD patient population.
In conclusion, GIB secondary to GIAD occurs at lower INR levels, is associated with a higher percentage of all GIB, and requires more transfusions when compared to non-GIAD bleeding sources. Our data support closer outpatient monitoring for rebleeding, prompt endoscopic intervention in patients with GIAD, and use of a lower INR range for anticoagulation. More randomized controlled trials are needed to evaluate a difference between prompt endoscopic interventions versus endoscopic intervention in addition to the use of a VEGF antagonist.
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